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ABSTRACT 
The 1987-88 spawning biomass e s t ima te  of P a c i f i c  h e r r i n g ,  
Clu ea  harengus p a l l a s i ,  i n  San Francisco Bay i s  nea r ly  
%- 9,000 tons. This  i s  the  f o u r t h  consecut ive  year  t h a t  t he  
San Francisco Bay popula t ion  has  i nc reased ,  a f t e r  reaching a 
low p o i n t  of 40,000 tons  i n  1984. 
I n  Tomales Bay the  1987-88 h e r r i n g  spawning biomass was 
est imated a t  2,061 tons. During the  p a s t  f i v e  seasons ,  t h e  
Tomales Bay spawning biomass has  been low i n  even y e a r s  and 
h igh  i n  odd yea r s ,  i n d i c a t i n g  t h a t  spawning h e r r i n g  a r e  n o t  
r e tu rn ing  t o  Tomales Bay c o n s i s t e n t l y .  
I n  San Francisco Bay, over 42,000 tons of h e r r i n g  spawned i n  
January. Similar ly ,  90% of Tomales Bay h e r r i n g  spawned i n  
January. No spawns were found dur ing  March i n  e i t h e r  bay. 
For t h e  f i r s t  time, i n  San Franc isco  Bay, no h e r r i n g  spawned 
i n  the  Belvedere,  Tiburon, o r  Angel I s l a n d  a r ea s .  I n  
a d d i t i o n ,  h e r r i n g  spawning was found i n  t he  Oakland-Alameda 
a r e a  f o r  t he  f i r s t  t i m e  and over  95% of a l l  spawning occurred 
i n  t h e  southern  p a r t  of San Francisco Bay. 
During the  p a s t  s i x  seasons i n  San Franc isco  Bay, over  70% of 
a l l  spawning escapement has  been i n  t he  southern  p a r t  of t h e  
bay. For the  n ine  seasons p r i o r  t o  t h a t ,  94% of a l l  spawning 
escapement was i n  t h e  nor thern  p a r t  of t h e  bay. 
l/M%rine Resources Mminis  t r a  t i v e  Report No. 88-7. 
2 M a r i n e  Resources Div is ion ,  2201 Garden Road, Monterey , 
C a l i f o r n i a  93940. 
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INTRODUCTION 
I n  1973, t he  Ca l i fo rn i a  Department of F ish  and Game began e s t ima t ing  the  
annual spawning biomass of P a c i f i c  h e r r i n g ,  Clupea harengus p a l l a s i ,  i n  Tomales 
and San Francisco Bays ( S p r a t t  1981). Biomass i s  der ived  from estimates of eggs 
deposi ted dur ing  the  season. Both bays a r e  r e l a t i v e l y  small  and w e l l  s u i t e d  f o r  
i n t e n s i v e  spawning-ground surveys.  
This  r e p o r t  i nc ludes  spawning biomass e s t ima te s  f o r  Tomales Bay and San 
Francisco Bay dur ing  the  1987-88 season,  and i t  provides  a  cont inuous s e r i e s  of 
annual he r r ing  spawning biomass e s t ima te s  from 1973-74 onward. These d a t a  
provide the  b a s i s  f o r  managing the  h e r r i n g  roe  f i s h e r y .  
DESCRIPTION OF STUDY AREA 
Tomales Bay 
Tomales Bay (F igure  1) l i e s  i n  Marin County, a  s h o r t  d i s t a n c e  n o r t h  of San 
Francisco. I t  i s  20 km (12.4 mi l e s )  long and averages  more than 1.5 km (0.9 
miles)  wide. Hardwick (1973) determined t h a t  e e l g r a s s ,  Zostera  marina,  was the 
predominant marine f l o r a  i n  t h e  bay. The p re sen t  d i s t r i b u t i o n  of e e l g r a s s  
(Figure 1)  i s  unchanged from the  previous season. There a r e  o t h e r  s p e c i e s  of 
marine f l o r a  i n  Tomales Bay, b u t  e e l g r a s s  i s  the  on ly  one used t o  determine 
her r ing  biomass. 
San Francisco Bay 
The po r t i on  of San Francisco Bay where r e g u l a r  d a i l y  (Mon. - F r i . )  surveys 
a r e  attempted inc ludes  a l l  s h o r e l i n e  and shal low s u b t i d a l  a r e a s  t o  a  depth  of 4.6 
m (15 f t ) ,  bounded by the Golden Gate Bridge on the  west ,  t he  Richmond Bridge on 
the n o r t h ,  Hunters Po in t  on the  south ,  and the  e a s t  bay s h o r e l i n e s  between 
Richmond and Oakland (F igure  2). Other a r e a s  of t he  bay were surveyed a s  needed. 
Spawning i n  San Franc isco  Bay i s  both i n t e r t i d a l  ( p a r t l y  exposed a t  low 
t i d e )  and s u b t i d a l  (never exposed a t  low t i d e ) .  I n t e r t i d a l  spawns a r e  on the  
s h o r e l i n e  and cover a l l  s u i t a b l e  s u b s t r a t e  i n  t he  a r e a ,  i nc lud ing  ba re  rocks ,  
w 
sand, p i e r  p i l i n g s ,  and marine f l o r a .  Sub t ida l  spawns g e n e r a l l y  occur  i n  a r e a s  
of t h e  bay shal lower than 4.6 m (15 f t )  , where vege t a t i on  beds such a s  Zostera  
marina, G r a c i l a r i a  sp. ,  and - Ulva sp. a r e  found, bu t  may a l s o  occur  i n  shal low 
rocky o r  hard bottom a reas .  Broad shallow mud f l a t s  wi th  no vege t a t i on  a r e  no t  
u t i l i z e d  by he r r ing  a s  spawning a r ea s .  
METHODS 
Tomales Bay Sampling Techniques 
This  s ea son ' s  spawning-ground surveys were conducted from December 2 ,  1957 
to  March 11, 1988. Every e e l g r a s s  bed (F igure  1 )  was sampled d a i l y  (Mon.-Fri.), 
a s  the weather permi t ted ,  from the p r o j e c t ' s  4.6- (15-f t )  boat.  
This  season was s i m i l a r  t o  the  1985-86 season,  when no l a r g e  h e r r i n g  spawns 
were found. Ins tead  of us ing  cohor t  a n a l y s i s ,  a s  i n  1985-86, spawn survey 
methods were used t h i s  season t o  e s t ima te  biomass. Those h e r r i n g  t h a t  re turned  
to Tomales Bay t h i s  season spawned i n  a r e a s  t h a t  a l lowed t r a d i t i o n a l  sampling 
techniques t o  be used. Spawn depos i t i on  was determined by dragging a vege ta t ion  
2 sampler ( r ake )  through the  e e l g r a s s  beds a t  random l o c a t i o n s .  The a r e a  (m ) of 
each spawn was a l s o  determined wi th  the  vege t a t i on  sampler. Processing of  
samples was unchanged from prev ious  seasons ( S p r a t t  1981). 
2 Densi ty  of e e l g r a s s  (kg/m ) on spawning grounds was est imated us ing  a  
mu l t i p l e  l i n e a r  r eg re s s ion  between d e n s i t y  and e e l g r a s s  measurements t h a t  was 
developed i n  t h e  1986-87 season ( S p r a t t ,  i n  press ) .  The m u l t i p l e  r eg re s s ion  
model i s  represen ted  by the fol lowing equat ion:  
Y= a I  ( l e n g t h  + aw ( w i d t h )  + a ( p e r c e n t  c o v e r )  + B 
PC 
where : 
4 
Y = kg e e l g r a s s  p e r  m 2 
a l  = s l o p e  of  r e g r e s s i o n  f o r  l e n g t h  v a r i a b l e  
aW = s l o p e  of r e g r e s s i o n  f o r  wid th  v a r i a b l e  
a = s l o p e  of r e g r e s s i o n  f o r  p e r c e n t  bottom coverage  PC 
v a r i a b l e  
B = Y i n t e r c e p t  
I n  December 1987 f i v e  o r  s i x  e e l g r a s s  d a t a  s e t s  were taken from a l l  beds 
f r e q u e n t l y  spawned on by h e r r i n g .  Data s e t s  i n c l u d e d  a c o u s t i c a l  t r a n s e c t s  wi th  a 
r e c o r d i n g  f a t h o m e t e r  t o  d e t e r m i n e  p e r c e n t  bottom coverage ,  and e e l g r a s s  b l a d e  
l e n g t h  and wid th  measurements. Acous t i c s  were used t o  measure e e l g r a s s  b l a d e  
l e n g t h  where a p p l i c a b l e .  The 1957-88 e e l g r a s s  d e n s i t y  v a l u e s  were computed by 
s u b s t i t u t i n g  t h i s  e e l g r a s s  d a t a  i n  t h e  r e g r e s s i o n  formula .  
San F r a n c i s c o  Bay Sampling Techniques  
Th i s  s e a s o n ' s  spawning-ground s u r v e y s  were conducted from November 1 7 ,  199' 
u n t i l  b r c h  11,  1988. The t e c h n i q u e s  used t o  sample b o t h  s u b t i d a l  and i n t e r t i d a l  
s p a n s  i n  San F r a n c i s c o  Bay were unchanged from t h e  p r e v i o u s  season  ( S p r a t t  
198?).  
P reseason  s u b t i d a l  v e g e t a t i o n  d e n s i t i e s  were de te rmined  by c o l l e c t i n g  
q u a n t i t a t i v e  samples  w i t h  SCUBA from permanent s t a t i o n s  i n  Richardson Bay,  
Belvedere  Cove, K i e l  Cove, Angel I s l a n d ,  and Brooks I s l a n d  n e a r  Richmond ( F i g u r e s  
3 and 4 ) .  I n  a d d i t i o n ,  s o u t h  bay c o l l e c t i n g  s t a t i o n s  were added between Hunte r s  
P o i n t  and Oys te r  P o i n t ,  and n e a r  Alameda ( F i g u r e  5) .  
Biomass Computation 
I n  San F r a n c i s c o  Bay, t h e  method used t o  c o n v e r t  t h e  number of  h e r r i n g  eggs  
spawned t o  t o n s  of spawners i n c o r p o r a t e s  s e x  r a t i o  e s t i m a t e s  f o r  each  spawning 
L run i n d i v i d u a l l y  ( R e i l l y  and Moore 1988). 
Fecund i ty  of h e r r i n g  i n  San F r a n c i s c o  Bay d o e s  n o t  change s i g n i f i c a n t l y  from 
y e a r  t o  y e a r  ( R e i l l y  and b o r e  1986). Fecund i ty  i s  a l s o  n o t  s i g n i f i c a n t l y  
d i f f e r e n t  between Tomales Bay and San F r a n c i r c o  Bay. A f e c u n d i t y  of 226 eggs  per  
gram was used i n  c a l c u l a t i n g  t h i s  y e a r ' s  biomass estimates. F a c t o r 8  used t o  
c o n v e r t  number of  eggs t o  t o n s  of h e r r i n g  i n  b o t h  Tomales and San F r a n c i s c o  Bays 
changed d u r i n g  t h e  s e a s o n  based on t h e  s e x  r a t i o  of each  run i n  San F r a n c i s c o  
Bay 
RESULTS 
Tomales Bay 
There  a r e  a  t o t a l  of  36 e e l g r a s s  b e d s  u t i l i z e d  by h e r r i n g  i n  Tomales Bay 
( F i g u r e  1 ) .  E e l g r a s s  beds  were n o t  remeasured t h i s  season and March 1987 
2  e e l g r a s s  bed a r e a  (m ) measurements ( T a b l e  1 )  were used t h i s  season  i n  biomass 
c a l c u l a  t i o n s .  
E e l g r a s s  Dens i ty  E s t i m a t e s  From Regress ion  
2  P r e v i o u s l y ,  d e n s i t y  of  e e l g r a s s  (kg/m ) was a s s i g n e d  s u b j e c t i v e l y  by o n - s i r ?  
v i s u a l  i n s p e c t i o n s  from 1977 through 1986, based on q u a n t i t a t i v e  samples  
c o l l e c t e d  i n  1976 ( S p r a t t  1981). 
S e l g r a s s  d e n s i t y  was e s t i m a t e d  f o r  a l l  beds spawned i n  t h i s  s e a s o n  by 
s u b s t i t u t i n g  December 1987 e e l g r a s s  v a r i a b l e s  (Tab le  2 )  i n  t h e  r e g r e s s i o n  
Dens i ty  kg/m2 = .0022(1) + .0775(w) + .0029(pc) - .9394, r= .78  
The computed e e l g r a s s  d e n s i t y  f o r  e a c h  bed ( T a b l e  2 )  i s  t h e  a v e r a g e  of 
i n d i v i d u a l  e s t i m a t e s  from v a r i a b l e  d a t a  sets. Using bed no. 1A a s  a n  examplc: 
s o l v i n g  w i t h  v a r i a b l e  set 1  (Tab le  2 )  i n  r e g r e s s i o n  formula  
Dens i ty  kg/m2 = .0022 ( 6 6 0 )  + .0775 ( 8 )  + .0029 ( 8 5 )  - .9394 
a v e r a g e  d e n s i t y  computed from s i x  d a t a  s e t s  i s  1.34 kg!> f o r  bed no 1A. 
Spawning Escapement 
H e r r i n g  spawning s t a r t e d  on December 17,  1988. There  were o n l y  15 
i n d i v i d u a l  spawn s i t e s  found and o n l y  one l a r g e  spawning run o c c u r r e d  t h i s  
L 
season.  On J a n u a r y  18-21, a t o t a l  of 880 t o n s  of  h e r r i n g  spawned t h a t  accounted 
f o r  67% o f  t h i s  s e a s o n ' s  spawning escapement ( T a b l e  3 ) .  There  were no spawning 
r u n s  i n  Tomales Bay d u r i n g  February  o r  March. 
T h i s  s e a s o n ' s  spawning escapement e s t i m a t e  i s  1 ,311  tons  ( T a b l e  3).  The 
spawning biomass ,  which i n c l u d e s  t h e  c a t c h  of pre-spawning h e r r i n g ,  i s  2,061 t o n s  
(Tab le  4 ) .  
San F r a n c i s c o  Bay 
Vege ta t ion  Dens i ty  
Q u a n t i t a t i v e  samples of sub t i d a l  v e g e t a t i o n  were c o l l e c t e d  by Department 
d i v e r s  on October 29,  November 13 ,  and November 23,  1987. V e g e t a t i o n  d e n s i t y  
i n c r e a s e d  s l i g h t l y  a t  Brooks I s l a n d  and Angel I s l a n d ,  b u t  o v e r a l l  t h e  v e g e t a t i o n  
d e n s i t y  remains  low a t  a l l  permanent s t a t i o n s  ( F i g u r e s  3 and 4 ) .  No v e g e t a t i o n  
was found between H u n t e r ' s  P o i n t  and Oys te r  P o i n t  i n  s o u t h  bay ( F i g u r e  5 ) .  T?is 
a r e a  had been c o n s i d e r e d  p o t e n t i a l  spawning a r e a .  
The d e n s i t y  of e e l g r a s s  beds  o f f  Alameda ( F i g u r e  5 )  averaged o n l y  ,092 
3 3 kg/m-. The Alameda beds were expec ted  t o  have e e l g r a s s  d e n s i  t i e s  o v e r  1.0 kg 'm- 
o r  s i m i l a r  to  Tomales Bay. During t h e  s e a s o n ,  o u r  v e g e t a t i o n  sampl ing d e v i c e  was 
used i n  o t h e r  a r e a s  of the  Bay w i t h  very  l i t t l e  s u c c e s s .  
Spawning Escapement 
The s e a s o n ' s  f i r s t  spawn was found November 24,  1987, a t  S a u s a l i t o  ( T a b l e  
5) .  A s  many a s  1 2  spawning r u n s  may have o c c u r r e d  t h i s  s e a s o n ,  b u t  two of them 
were 20 t o n s  o r  l e s s .  A l l  spawning was i n t e r t i d a l  t h i s  season  e x c e p t  f o r  one 
smal l  r u n  n e a r  Alameda t h a t  extended i n t o  nearby e e l g r a s s  beds.  
There were seven i n t e r t i d a l  spawns a l o n g  t h e  San F r a n c i s c o  w a t e r f r o n t  ( T a b l e  . 
5, F i g u r e s  6a and 6 b ) ,  and 75% of t h i s  s e a s o n ' s  spawning escapement occur red  i n  
t h i s  a r e a .  For t h e  f i r s t  t ime ,  t h e r e  were no spawns a t  B e l v e d e r e ,  T i b u r o n ,  o r  
Angel I s l a n d  ( F i g u r e  7 ) .  H e r r i n g  spawning was a l s o  recorded  i n  t h e  
Oakland-Alameda a r e a  f o r  t h e  f i r s t  t ime ( F i g u r e s  6a and 6b) .  
Spawning escapement v a s  e s t i m a t e d  a t  60 ,155  tons  of h e r r i n g  ( T a b l e  5 ) .  
Inc lud ing  the  c a t c h  of  pre-spawning h e r r i n g  from t h e  r o e  f i s h e r y ,  t h e  spawning 
biomass f o r  the  1987-88 season  i s  68,881 tons  ( T a b l e  6 ) .  T h i s  r e p r e s e n t s  t h e  
f o u r t ?  c o n s e c u t i v e  y e a r  t h a t  t \ e  San F r a n c i s c o  Bay p o p u l a t i o n  h a s  i n c r e a s e d .  
Spawning By Area 1973 t o  1987 
San F r a n c i s c o  Bay 
Spawning-ground s u r v e y s  have been conducted i n  San F r a n c i s c o  Bay f o r  15 
seasons .  Dur ing  t h i s  t ime ,  t h e r e  h a s  bcen a  major change i n  the  d i s t r i b u t i o n  of 
h e r r i n g  spawning. From the  1973-74 t o  198:-82 s e a s o n s ,  Richardson Bay, 
S a u s a l i t o ,  and RicFMonC were t h e  m a j ~ r  spawning a r e a s .  S ince  t h e  1982-83 season ,  
the San F r a n c i s c o  w a t e r f r o n t  h a s  accounted f o r  63% of a l l  spawning escapement ,  
v h t i e  Richardson Bay, S a u s a l i t o ,  and Richmond have accounted f o r  on ly  19.4% o f  
spawning escapement (Tab le  7 ) .  This  c u r r e n t  t r e n d  i s  expec ted  to  c o n t i n u e  u n l e s s  
t h e  s u 5 t i d a l  v e g e t a t i o n  d e ~ s i t i e s  i n  San F r a n c i s c o  Bay i n c r e a s e .  
Tomales Bay 
Spavning-ground s u r v e y s  have been conducted i n  Tomales Bay from 1973-74 t o  
199?-85, w i t h  t h e  e x c e p t i o n  of t h e  1978-79 season.  The d i s t r i b u t i o n  of h e r r i n g  
spawning v i t h i n  Tomales Bay o v e r  t h e  s e a s o n s  surveyed h a s  n o t  changed 
s i g n i f i c a n t l y .  The l a r g e r  e e l g r a s s  beds  n e a r  Walker Creek ( F i g u r e  1 )  accoun t  f o r  
over  50% of spawning escapement (Tab le  8 ) .  
Although h e r r i n g  t h a t  r e t u r n  t o  Tomales Bay a r e  spawnlng normal ly ,  a 
s i g n i f i c a n t  p a r t  of the  p o p u l a t i o n  i s  not r e t u r n i n g  r e g u l a r l y  and i n s t e a d  spawn 
. e i t h e r  i n  Bodega Bay o r  some unknown l o c a t i o n .  T h i s  p a t t e r n  s t a r t e d  w i t h  t h e  El  
Nino r e a s o n  of 1983-84, when h e r r i n g  d id  n o t  r e t u r n  t o  Tomales Bay a s  expec ted  
L ( S p r a t t  1984). S i n c e  t h e n ,  t h e  even s e a s o n s  have been c h a r a c t e r i z e d  by abnormal 
d i s t r i b u t i o n  of spawning h e r r i n g .  I n  t h e  1985-86 s e a s o n ,  spawning escapement s e t  
an  a l l - t i m e  low of on ly  435 t o n s  ( S p r a t t .  1986) ,  and t h i s  season  spawning 
escapement was 1.31 1 tons. During the odd s e a s o n s  of 1984-85 and 1986-87, 
h e r r i n g  r e t u r n e d  i n  normal numbers t o  Tomales Bay (Tab le  4) .  
Confidence Limi t s  
I n  Tomales Bay t h e  c o n f i d e n c e  l imits  of h e r r i n g  spawning escapement 
e s t i m a t e s  were c a l c u l a t e d  from v a r i a t i o n  i n  t h e  d e n s i t y  of egg d e p o s i t s .  Each 
run u s u a l l y  encompasses s e v e r a l  smal l  spawning s i t e s  and t o t a l  spawning 
escapement i s  t h e  sum of t h e  e s t i m a t e s  f o r  each s i t e  (Tab le  3). The conf idence  
i n t e r v a l s  c a l c u l a t e d  f o r  many si t e s  were a g a i n  u n s a t i s f a c t o r y ,  even though 
minimum sampling l e v e l s  were i n c r e a s e d  from t h r e e  t o  f i v e  per  spawning s i t e  t h i s  
season. The number of samples t h a t  would be s t a t i s t i c a l l y  r e q u i r e d  from many 
smal l  spawning si tes becomes p r o h i b i t i v e  due t o  t h e  d e n s i t y  range of egg 
d e p o s i t s .  I n  l a r g e  spawns, egg d e p o s i t i o n  i s  o f t e n  uniformly d e n s e ,  b u t  f o r  
small  spawning a r e a s  egg d i s t r i b u t i o n  i s  o f t e n  very  patchy and may range from 1 x 
3 6 2 10 eggslm2 t o  over  1 x 10 eggs/. . Sampling i t s e l f  cou ld  dec imate  smal l  
e e l g r a s s  beds.  A s t r a t i f i e d  random sampling p l a n  f o r  smal l  s i t e s  would a l s o  be 
d e t r i m e n t a l  t o  t h e  e e l g r a s s  beds  because  of t h e  number of samples needed t o  
determine s t r a t a  boundar ies  w i  t h i n  a bed. 
T h i s  sampling problem w i l l  p e r s i s t  when spawn escapement is  low o r  spawn 
d e n s i t i e s  a r e  h i g h l y  v a r i a b l e ,  b u t  i t  i s  g e n e r a l l y  n o t  a problem i n  normal y e a r s  
o r  w i t h  l a r g e  spawning runs .  T h i s  be ing  a low biomass y e a r ,  t h e  c o n f i d e n c e  
i n t e r v a l s  were c a l c u l a t e d  by combining t h e  samples from each spawning r u n  o r  
samples from nearby spawning s i t e s  w i t h  s i m i l a r  egg d e n s i t i e s .  T h i s  r e s u l t s  i n  
h i g h e r  a v e r a g e  spawn d e n s i  ties, b u t  a n  e s t i m a t e  of  t o t a l  spawning escapement  tha  t 
i s  o n l y  5% h i g h e r  t h a n  t h e  o r i g i n a l  estimate ( T a b l e  3). Using t h i s  method, t h e  
95% c o n f i d e n c e  i n t e r v a l  f o r  t h e  NO l a r g e r  spawns,  which accoun ted  f o r  o v e r  60% 
of t h e  spawning escapement ,  was less than  45% of t h e  e s t i m a t e  ( T a b l e  9 ) .  
Confidence limits of  San F r a n c i s c o  Bay spawns were  a l s o  c a l c u l a t e d  f o r  each 
spawn i n d i v i d u a l l y  from v a r i a t i o n  i n  t h e  d e n s i t y  of egg d e p o s i t s .  S i x  of t h i s  
s e a s o n ' s  spavning r u n s  (76% o f  t o t a l  escapement)  had 95% c o n f i d e n c e  i n t e r v a l s  
l e s s  than  35% of t h e  e s t i m a t e  ( T a b l e  10).  Inc lement  weather  p r o h i b i t e d  t a k i n g  
. 
more samples from spawning r u n s  a t  San F r a n c i s c o  (Dec. 26-27) and Hunte r s  P o i n t  
( J a n .  16-18). 
DISCUSSION 
Tomales Bay 
There  have been t h r e e  u n u s u a l l y  low h e r r i n g  spawning biomass e s t i m a t e s  i n  
Tomales Say over  t h e  p a s t  f i v e  seasons .  I t  i s  b e l i e v e d  t h a t  E l  Nino a l t e r e d  t h e  
migra to ry  p a t t e r n  of h e r r i n g  i n  1983 and t h a t  h e r r i n g  d i d  n o t  r e t u r n  t o  Tomazes 
Bay a s  e x p e c t e d ,  r e s u l t i n g  i n  a  low escapement e s t i m a t e  ( S p r a t t  1984). In  t 5 e  
1985-86 s e a s o n ,  h e r r i n g  may have r e t u r n e d ,  b u t  d i d  n o t  spawn i n  e e l g r a s s  beds ,  
and spaw3ing biomass v a s  e s t i m a t e d  by c o h o r t  a n a l y s i s  ( S p r a t t  1985). T h i s  season 
s?awning escapement i s  a g a i n  below normal.  
A major unanswered q u e s t i o n  remains.  Where a r e  Tomales Bay h e r r i n g  spawning 
and what e f f e c t  w i l l  t h i s  have on t h e  Tomales Bay h e r r i n g  p o p u l a t i o n  and t h e  
f u t u r e  of t h e  f i s h e r y ?  
San F r a n c i s c o  Bay 
F a c t o r s  t h a t  a r e  c a u s i n g  t h e  f l u c t u a t i o n  of Tomales Bay h e r r i n g  a r e  n o t  
a f f e c t i n g  San F r a n c i s c o  Bay h e r r i n g .  The San F r a n c i s c o  Bay h e r r i n g  biomass h a s  
increased the  pas t  four seasons  and i s  c u r r e n t l y  69 ,000  t o n s ,  t h e  h i g h e s t  l e v e l  
s i n c e  the  1981-82 season .  
From the  1978-79 t o  1981-82 seasons,  t he  i n c r e a s e s  i n  Sen Francisco Bay 
her r ing  biomass e s t ima te s  (Table 6 )  were a t t r i b u t e d ,  i n  p a r t ,  to  the discovery of 
L' 
sub t ida l  spawning a r e a s  which had previous ly  n o t  con t r ibu ted  t o  biomass 
es t imates .  The c u r r e n t  i nc reas ing  t rend i n  San Francisco Bay h e r r i n g  spawning 
biomass the  p a s t  four  seasons has  been accomplished v i t h o u t  the b e n e f i t  of 
s u b t i d a l  spawning. Vegetat ion d e n s i t i e s  of known s u b t i d a l  spawning a r e a s  have 
dec l ined  to  the p o i n t  t h a t  h e r r i n g  a r e  n o t  u t i l i z i n g  those a reas .  The c u r r e n t  
i nc rease  i n  biomass ag rees  wel l  wi th  a c o u s t i c a l  biomass e s t ima te s  from an 
independent study ( R e i l l y  and Moore 1988). 
I t  i s  probable t h a t  the  San Francisco Bay h e r r i n g  populat ion w i l l  cont inue 
t o  i nc rease  because of good recru i tment  of the 1986 y r  c l a s s  (Re i l l y  and Moore 
1988), which fol lows four  s t rong  year  c l a s s e s .  
CONCLUSION 
Because of the low spawning escapement t h ree  o u t  of the l a s t  f i v e  yea r s ,  the 
f u t u r e  of the Tomales Bay he r r ing  f i s h e r y  i s  uncer ta in .  This  c y c l i c a l  p a t t e r n  
ind ica t e s  a  movement of he r r ing  to  and from Tomales Bay. While the populat ion 
may remain hea l thy ,  a  change i n  d i s t r i b u t i o n  of the populat ion could be 
devas ta t ing  to  the Tomales Bay he r r ing  f i she ry .  The San Francisco Bay he r r ing  
populat ion i s  i n  e x c e l l e n t  condi t ion  and the c u r r e n t  i nc reas ing  trend i n  
abundance i s  expec ted t o  con t inue.  
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TABLE 1. Tomales Bay Eelgrass Bed Measurements i n  Hatch 1987. 
Bed Area Bed 
number 1 2 number **fa m 
1 4,400 12 1,800 
1 A 33,000 13 100 
1 B 21,000 14 1,000 
1 C 1,500 15 100 
2 2,800 16 42,000 
2 A 2,000 16A 14,600 
3 3,800 17 2,200 
3A 0 18 0 
4 1,000 19 116,600 
5 12,000 20 235,500 
6 7,400 20A 55,900 
7 6,000 21 1,488,000 
8 9,100 22 140,000 
9 North 13,900 23 1,209,000 
9 South 21,000 24 20,900 
10 4,100 25 200,000 
1 1  North 17,400 26 190,000 
1 1  Middle 5,000 27 21,000 
1 1  South 1,600 28 0 
2 8A 11,800 
Total area 3,915,700 m 2 
TABLE 2. December 1987 Eelgrass Measurements from Tomales Bay and Estimates of 
ee lgrass  Density from Multiple Regression. 
(PC) ( 1 )  (w)  Eelgrass Average 
Da ta X bb t tom blade blade dens$ ty dens$ t y  
Bed no. set  cover l engthm widthmm kg /m kg /m 
d 
1 A 1  8 5 660 8 1 .37  
2  85 660 8 1 .37  
3 9 5 660 8 1 .41  
I( 9 5 660 6 1 . 2 4  
5 1 Or) 660 5 1 . 2 2  
6 100 660 8 1 . 4 2  1.34 
TABLE 2. ( con ti nued) 
(PC (1)  (w) Eelgrass Average 
w Da ta X bottom blade blade dens4 ty densj  ty  
Bed no. s e t  cover l eng thm widthmm kg/m kg /m 
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- TABLE 4. Tomales Bay P a c i f i c  Herring Biomass Estimates 1973-74 through 1987-88 
Seasons. 
u Spawn estimate Ce tch Spawning biomass 
Seaeon ( tons )  ( tons) ( tons )  
*Biomass estimated by cohort a n a l y s i s ;  for  a l l  other years biomass was estimated 
f rom spawning-ground surveys. 
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TABLE 6. San Francisco Bay P a c i f i c  Herring Biomass Est imates  1973-74 through 
1987-88 Seasons. 
u 
Spawn estimate Catch Spawning biomass 
Season ( tons)  ( tons) ( tons) 
*Subtidal spawning a r e a s  were discovered i n  1979. Biomass p r i o r  t o  1979 was 
probably underestimated.  
TABLE 7. Herr ing  Spawning Escapement by Area f o r  San F r a n c i s c o  Bay. 
Average X Average 
Spawning of s e a s o n a l  escapement 
a r e a  biomass ( t o n s )  
Richardson Bay 38.6 13,334 
Sausali t o  16.3 5,616 
Richmond 12.7 4 ,393 
Tiburon 9.8 3,389 
Angel I s l a n d  6.8 2,344 
Treasure  I s l a n d  3.7 1 ,275 
K i e l  Cove 3.5 1 ,205  
Belvedere-Tibaron 3.0 1 ,038 
Belvedere 1.9 65 5 
San F r a n c i s c o  1.5 533 
South Bay 0.8 288 
Belvedere Cove 0.7 244 
Berkeley 0.6 21 1 
Coyote P o i n t  <O. 1 11 
Oakland-Alameda 0.0 -- 
T o t a l  100.0 34,536 
Average Yh Average 
Spa an i ng of s e a s o n a l  escapement 
a r e a  biomass ( t o n s )  
San F r a n c i s c o  63.3 29,246 
S a u s a l i  t o  10.1 4 ,650 
Belvedets-Tiburon 6.0 2,750 
Andel I s l a n d  4.8 2,198 
Oa k l  and-Alameda 4.1 1 ,969 
Soath Bay 4.1 1,886 
T r e a s u r e  I s l a n d  2.1 97 1 
Belvedere Cove 1.4 640 
Kiel  Cove 1.2 57 1 
Tiburon 1.2 562 
Richardson Bay 9.7 303 
Richmond 0.6 2 7 8 
Belvedere 0.3 153 
Coyote P o i n t  C9.1 3 1 
Berkeley 0.0 -- 
T o t a l  193.0 45,199 
TABLE 8. Herring Escapement by Area f o r  Tomales Bay, 1973-74 through 1987-88 
Seasons.  
Average Average X 
Eelgrass escapement of annual 
bed no.  ( tons )  biomass 
Inter  t i d a l  3 0 0 .47 
*To ta 1 6 ,531  99.99 
*Thirteen years  of d a t a ;  does  n o t i n c l u d e  1978-79 or  85-86 season .  
TABLE 9. Confidence L i m i t s  of the Tomales Bay Rerrlng spawn GD uur ,..- 
1987-88 Season. 
Spavn Standard error D. F. Estimated 95% 
date Location e m s  per n N-1 tons Conf. i n t .  
12/17 1A 
1 /4-6 6 ,  7 ,  and 25 
1 /4  27,  29  
1 / 18 27 ,  29 
1/19 7 
1/19 9 
1!21 2 1 
1/26 9 ,  11 
TABLE 10. Conf idence L i m i t s  o f  t h e  San F r a n c i s c o  Bay H e r r i n g  Spawn E s t i m a t e s  
During t h e  1987-88 Season. 
Spawn S tandard  e  r o r  D.F. E s  t ima ted  95% 5 da t e  Loca t ion  eggs per m N-1 ( t o n s )  Conf . i n  t .  
S a u s a l i  t o  
San F r a n c i s c o  
San F r a n c i s c o  
San F r a n c i s c o  
A1 ameda 
T r e a s u r e  I s l a n d  
Oak1 and-Alameda 
San F r a n c i s c o  
Sausa l  i t o  
Hunters  P o i n t  
C a n d l e s t i c k  P t .  
S a u s a l i  t o  
San F r a n c i s c o  
San F r a n c i s c o  
2/8-13 Hunters  P o i n t  350,000 11 9,000 +3,20P 
To ta1 60,155 
* Q u a n t i t a t i v e  samples were n o t  taken and c o n f i d e n c e  l imits  could no t  be  
c a l c u l a t e d .  
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